Acinetobacter calcoaceticus ADP1, also called BD413 (18, 28) , is able to grow on n-alkanes as sole carbon and energy sources via the -hydroxylation pathway (2). Candidates (n ϭ 2,650) able to grow on minimal medium with lauric acid were obtained by ethyl methanesulfonate mutagenesis and screened for the inability to grow on dodecane, which yielded 27 candidates with a negative phenotype on solid agar plates (11) . Mutant WH365 is also unable to grow on hexadecane and fails to secrete lipase and esterase, in contrast to the wild type (20) (21) (22) . Extracellular lipase of A. calcoaceticus ADP1, which shows activity towards triglycerides and phospholipids, was monitored on indicator plates with NB medium (Difco) containing 2% (vol/vol) egg yolk (Oxoid), whereas esterase activity was determined on NB medium with 1% (vol/vol) Tween 80. This Tween esterase is supposed to be secreted, but the corresponding gene has not been identified and nothing is known about the biological importance of this activity.
Partially Sau3A-digested total DNA from A. calcoaceticus ADP1 was inserted into BamHI-cleaved pWH1274 carrying an origin of replication for Escherichia coli and A. calcoaceticus (16) . The resulting gene library was transformed into WH365 by electroporation, and transformants were selected for growth on Luria broth (LB) plates with ampicillin (300 mg/liter). Replica plating on minimal medium with metal 44 (8), hexadecane delivered through the gas phase from a droplet on a filter disk in the lid of the plate, and ampicillin (200 mg/liter) yielded seven candidates. After passage of the plasmids through E. coli DH5␣ (13) and retransformation into WH365, one plasmid, called pWH1590, conferred the ability to grow with hexadecane as the sole carbon source. It contains a 15-kb insertion of contiguous chromosomal DNA, as confirmed by Southern hybridization (data not shown). pWH1590 was digested with HindIII, resulting in nine fragments. Eight of them were ligated with HindIII-restricted pBluescript SKIIϩ (Stratagene), yielding pWH1591 to -98. pWH1597 transformed WH365 to grow on hexadecane and to secrete lipase and esterase. The 2.8-kb insert was sequenced on both strands. It contains three open reading frames (ORFs) (Fig. 1) , each of which is preceded by a putative ribosome binding site, as judged by sequence comparison with other Acinetobacter genes (38) . Transformation of plasmids obtained from a nested-deletion reaction of pWH1597 mapped the complementing fragment within ORF3 (Fig. 1) .
ORF1 encodes a protein of 145 amino acids (aa) with similarities to several multidrug resistance regulators of the MarR family (25) ; e.g., 23% of its residues are identical to those of MexR from Pseudomonas aeruginosa (SwissProt accession no. P52003). The 143-aa protein encoded by ORF2 has 30% identity to the osmotically inducible protein OsmC from E. coli (12) . ORF3 encodes a protein of 479 aa, called XcpR, with homology to members of the general secretory pathway protein E (GspE) family (Table 1) . These cytoplasmic proteins are necessary for protein secretion and assembly of type IV pili in gram-negative bacteria and for DNA uptake by competent Bacillus subtilis cells (15) . Proteins with homology to type IV prepilin and to a type IV pilus assembly factor are also involved in the competence of A. calcoaceticus ADP1 (3, 9). Figure 2 shows a sequence alignment of XcpR from A. calcoaceticus with some of the homologous proteins and indicates the conserved sequence motifs. Walker box A (34) is typically found in nucleotide binding proteins like XcpR from P. aeruginosa (37) . Two aspartate-rich boxes (TXEDPXE and RXXPDXXXXGEI/ MRD) distinguish members of the GspE family from other nucleotide binding proteins (30) . Most GspE proteins also contain two cysteine pairs, each separated by 2 aa (Fig. 2) . We propose on the basis of this sequence analysis and the phenotype of the inactivated mutant (see below) that xcpR encodes the corresponding component of the general secretory pathway for proteins in Acinetobacter.
We inactivated xcpR on the A. calcoaceticus ADP1 chromo- (Fig. 1) . pWH1605 was digested with SacII, and the resulting fragment was transformed to A. calcoaceticus ADP1. Recombinants were selected on LB plates with kanamycin (10 mg/liter), and correct integration was confirmed by Southern hybridization. The resulting strain, called WH399, contains the genetic arrangement shown in Fig. 1 . WH399 is unable to secrete lipase and esterase, as determined with indicator plates. WH399 shows impaired growth on solid medium with hexadecane as the sole carbon source and no growth on dodecane. In liquid mineral medium with hexadecane as the sole carbon source, WH399 grows to an optical density at 600 nm of 0.32 within 5 days, whereas ADP1 grows to an optical density at 600 nm of 0.76. These results establish clearly that XcpR is necessary for protein secretion and for growth on dodecane and that it supports growth on hexadecane. WH399 is as efficiently transformable via natural competence with supercoiled plasmid pWH1274 as the wild type, indicating that disruption of xcpR does not affect DNA uptake (data not shown). Therefore, we propose the presence of two distinct type IV pilusrelated systems for protein secretion and DNA uptake in A. calcoaceticus ADP1.
WH399 and the wild type were grown in LB with and without hexadecane and in minimal medium containing succinate in the presence and absence of hexadecane. ␤-Galactosidase activities expressed from the single copy xcpR::lacZ fusion shown in Table 2 indicate constitutive expression of xcpR at a low level.
Secreted proteins must cross two membranes in gram-negative bacteria. In the main terminal branch of the general secretory pathway, secretion occurs in a two-step process, which is well conserved among gram-negative bacteria (31) . In P. aeruginosa, proteins are translocated across the outer membrane via the Xcp system, which consists of the products of at least 12 xcp genes. Most of them are localized in the cytoplasmic membrane, some span the periplasmic space, and one forms an energized pore through the outer membrane. The xcpR gene from P. aeruginosa is localized in an operon where it is followed by xcpS (4). This arrangement is also found in the corresponding genes from Pseudomonas putida (xcpRS) (11) , Klebsiella oxytoca (pulEF) (29) , E. coli K-12 (gspEF) (10), Erwinia chrysanthemi (outEF) (24) , Aeromonas hydrophila (exeEF) (17) , Vibrio cholerae (epsEF) (EMBL accession no. L33796), and Xanthomonas campestris (xpsEF) (7). xcpR from A. calcoaceticus ADP1 has a different genetic arrangement, as it is followed by a putative transcriptional terminator, and no coding region with homology to known xcp genes was found within 500 bp upstream of xcpR.
We conclude from these results that a secreted protein must be involved in the degradation of dodecane and contribute substantially to hexadecane utilization. The nature of that protein is not clear. A lipase mutant of A. calcoaceticus ADP1, AAC320 (22) , is able to grow on hexadecane and dodecane. This finding shows that lipase activity is not essential for alkane degradation as supposed by Breuil et al. (5), who found lipase activity in each of the tested 25 bacteria capable of growing on hexadecane. Alkanes have only limited solubility in aqueous media. Since the known enzymes involved in alkane oxidation are cell bound, either bacteria must be in direct contact with the organic phase or they must be able to pseudosolubilize the substrate. A. calcoaceticus RAG-1 secretes a surfactant consisting of about 15 to 20% protein in addition to carbohydrates (35) . The release of RAG-1-emulsan from the cell surface is mediated by a secreted esterase (32) . It may be speculated that a secreted esterase is also involved in the production of an emulsifier, like the one produced at high levels in A. calcoaceticus BD413 growing on ethanol (19) . Stimulation of growth on n-hexadecane by a secreted protein with emulsifying activity has also been reported for P. aeruginosa (14) . An adherence factor enabling Acinetobacter to bind to alkane droplets has been suggested (33) and may be necessary on the outside of the cell for efficient alkane utilization. It is also possible that type IV pilus-related systems may not only promote protein secretion but also constitute a more general transport system for various macromolecules (reviewed in reference 36) or help the cells to overcome membrane stress resulting from alkane dissolution.
Nucleotide sequence accession number. The EMBL accession number for the nucleotide sequence of xcpR from A. calcoaceticus ADP1 is Y09102. 
